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Abstract 
A new natural fibre i.e. broom grass botanically called “Thysanolaena maxima” is introduced in the present work with a view to 
understand its properties initially. Then the untreated and chemically treated fibre is reinforced into the polyester matrix and the 
composites are fabricated to test their mechanical and dielectric properties strictly as per ASTM procedures. The highest tensile 
strength of 82.39 MPa, modulus of 1.05 GPa is obtained for broom grass CT – 1, CT – 2 fibres respectively. With CT – 2, 3 
broom grass FRP composites achieved highest tensile strength, modulus respectively at maximum fibre volume fraction. Broom 
grass CT – 2 FRP composites have shown good flexural strength, modulus of 78.51 MPa, 5.31 GPa respectively than the other 
composites investigated in the present work. Impact strength of 91.11 kJ/m2 is achieved for broom grass FRP composites at 39.35 
% fibre volume fraction. The insulating light weight material according to required dielectric strength is selected from the 
composites reinforced with broom grass at different volume fractions of fibre. Fibre morphology is understood from the scanning 
electron micrographs of fibre.   
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1. Introduction 
The use of natural fibre composites in commercial products is essential from the view of “sustainable 
environment”. The main advantages of them are relatively low cost, superior specific properties, and are renewable, 
degradable in nature whereas low dimensional stability, high moisture sensitivity are the disadvantages. In order to 
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reduce the moisture sensitivity further steps are required like physical and/or chemical modification of fibre. The 
overall report on broom grass was given by Bisht et al. (1998) and the chief points are highlighted in the 
introduction. Laly A. Pothan et al. (2006) done work to understand the role of fibre matrix interactions on 
chemically modified banana fibre reinforced polyester composites are analyzed for its dynamic mechanical 
properties.  
The first attempt on broom fibres was made by Maurizio Avella et al. (1998) and fibres were extracted from 
broom branches and reinforced in polypropylene matrix, composites are characterized for its tensile properties. 
Mohammad L. Hassan et. al. (2003) characterized mechanical properties composites reinforced with rice straw, 
baggase, and cotton stalk fibres of different size. Afterthe investigation on broom branch fibre reinforced 
polypropylene composites by Maurizio Avella, Ramanaiah et al. (2012) again made an attempt and used the 
branches of broom grass in the polyester matrix to analyze the composites for their tensile, impact, other properties. 
 The effect of alkali treatment on tensile, flexural properties of coir polyester composites was studied by Rout et 
al. (2001).  Long kenaf fibres were alkalized with NaOH solution, combined with four different polyester resin 
formulations, and their performance is measured under flexural, impact load by Sharifah H. Aziz et al. 
(2005).Srinivasababu (2010) introduced long turmeric fibre and its characteristics are varied with chemical 
treatment, which was revealed after testing untreated and treated turmeric FRP composites. 
Hence from the key points of research works done by the authors highlighted under the heading of introduction, 
and from the literature review of nearly 1000 articles given an opportunity to me to work on green material i.e. 
broom grass stem. This new natural fibre is extracted from the stems of the broom grass, collected from 
Chepurupalli village, Srikakulam District. A brief introduction about the broom grass is outlined below. 
Broom grass (Thysanolaena maxima (Roxb.) O. Ktze) belongs to the family of Poaceae.The vernacular names of 
broom grass are Jhadughas (Hindi), Amliso (Nepali), Taza (Nishi), Kamgang (Adi), Eppane-Nani (Apatani), Phool 
Jhadu (Assamese), Bouquest grass, Tiger grass, Broom grass (English), Cheepuru gaddi (Telugu).  
It is mostly found in the slopes of hills, damp steep banks along ravines and on sandy banks of the rivers. It is 
distributed widely throughout the country up to an altitude of 2000 m. On an average 4-5 tussocks of broom grass 
can be found in the area of 10 m2. The Annual National Production of broom grass is 68410 quintals/ Year. Its 
inflorescence or flowering culms are used mainly for making broomsticks or brooms. 
Although not a true bamboo species, Tiger Grass is a bamboo-like, tropical, ornamental grass with lush arrow-
shaped foliage that fits a niche for smaller size single storey screens up to 3m tall.   It forms a tight upright clump 
with older stems turning a reddish color in full sunlight making it also perfect as a standalone ornamental. 
The culms arise centrifugally during the peak growing season (April to July) and bear inflorescence (panicle) on 
shoot apex at the end of vegetative growth. The inflorescence that is about 30 to 90 cm long resembles a foxtail and 
used as a broom. This species is common throughout the north-east India. Broom grass is the major crop grown 
heavily in the Chepurupalli village, Srikakulam District, Arunachal Pradesh. The height of the grass in Chepurupalli 
is from 4.2 ft. to 5.1 ft. The stems of the broom grass are having high finish. 
The objectives of the present work are: 
x Neat extractions of broom grass stem fibre. 
x Fibre is dried under ambient conditions and in an oven. 
x Chemical treatment of fibres by varying concentration, soaking time. 
x Fabrication of composites by wet lay-up technique. 
x Characterization of fibre and composites for its SEM, mechanical and dielectric properties. 
 
Nomenclature 
BG   Broom Grass 
BG CT – 1  Broom Grass Chemical Treatment – 1  
BG CT – 2  Broom Grass Chemical Treatment – 2 
BG CT – 3  Broom Grass Chemical Treatment – 3 
FRP  Fibre Reinforced Polyester  
SEM  Scanning Electron Microscope 
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2. Materials 
2.1. Fibre 
Date fibre was extracted by manual extraction procedure and reported by Murali Mohan Rao (2007). Hence an 
attempt is made by me in this work to extract the broom grass fibre by splitting method. The cut stems of broom 
grass are dried at ambient conditions for 10 months i.e. Feb, 2009 – November, 2009 and are shown in Fig. 1 (a). 
Pure splitting method introduced and adopted by me described elsewhere (2012), is employed in the present work 
toextract the fibre. The extracted fibre is dried at an atmospheric temperature of 24 0C up to 2 months, shown in Fig. 
1(b). 
 
 
Fig. 1. (a) Dried broom grass; (b) Extracted broom grass fibre from stems. 
2.2. Matrix 
The matrix used in the present work is Ecamalon 4413 which is of medium reactivity, supplied by Ecmas resins 
pvt. Ltd., Hyderabad. The resin contains a volatile monomer with a flash point at 32 0C and is of moderate fire 
hazard. 
2.3. Chemical Treatment 
The extracted broom grass fibre is initially treated with NaOH at various soaking time and the details are 
described in Table 1.  
Table 1. Broom Grass Fibre chemical treatment at various concentrations, soaking time and nomenclature. 
 
Fibre Chemical  
Concentration 
(M) 
Soaking time 
(min) 
Nomenclature after 
chemical treatment 
Broom grass NaOH 0.25 240 Broom grass CT – 1  
Broom grass NaOH 0.50 240 Broom grass CT – 2 
Broom grass NaOH 0.25 480 Broom grass CT – 3 
3. Methods 
3.1. Fabrication 
The present section describes the procedure adopted for preparing the specimens. Care is taken to avoid crack 
formation during removal of composite specimens from the mold. All the composites are ground with the help of 
belt grinding machine after the specimens are taken out from the mold to ensure straight edges. The physical 
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dimensions of all the specimens are measured using Mitutoyo digimatic micrometer (coolant proof micrometer), 
having resolution 0.001 mm and Mitutoyo digimatic vernier caliper, having resolution 0.01 mm, supplied by Haresh 
Machine Tools Co., Mumbai.  
3.1.1 Density 
The fibre is cut into small pieces which are of nearly 10 mm length with the help of sharp knife to determine its 
density. The fibres are selected at random from the group.  
3.1.2 Single Fibre Tensile Test (SFTT) 
Untreated and chemically treated fibre is selected at random from the group of fibres. The selected fibre is placed 
on hard card board pieces as per Fig.2, few drops of fevi quick is poured on it. Then the second half of the card 
board piece is placed over the fibre and the specimen is placed in carpentry vice with little pressure. The specimen is 
taken out from the vice after 5 minutes to ensure proper bonding between the fibre and card board pieces on either 
side of the fibre. 
 
Fig. 2. Schematic of Single Fibre Tensile Test specimen. 
3.1.3 Plain and Composites 
Initially the matrix is poured into the mold with zero fibre content in order to prepare bare specimen for all the 
tests. In the second stage the untreated, treated fibre is reinforced one after another into the polyester matrix to 
fabricate tensile, flexural, impact and dielectric test specimens. Hand Lay-Up/ Wet Lay-Up procedure adopted by 
me and reported elsewhere is used in the present work for making all the specimens (2010). 
3.1.4 SEM Analysis 
Initially the fibre is placed in an oven and moisture is removed. Then the pieces of untreated and chemically 
treated fibre of nearly 5 mm in length are gold coated before investigating its surface characteristics.  
3.2. Testing 
The sequential steps followed starting from placing the specimen in proper fixture to test is outlined in this 
section.  
3.2.1 Density 
The dried fibre sample is weighed in air and in a liquid. The difference in weight of the sample in two media is 
the buoyancy force. The force is converted to sample volume by dividing it by the liquid density. The fibre density 
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is determined by dividing sample weight in air with sample volume. The Procedure A- Buoyancy (Archimedes) 
method described in ASTM D 3800 – 99 is employed in the current work to find out the fibre density. 
3.2.2 Tensile, flexural test 
SFTT, tensile and flexural test of plain and composite specimens are conducted according to ASTM C 1557-03
Є1
, 
ASTM D 5083-02, ASTM D790-07
ε1
respectively using PC 2000 Electronic Tensometer, supplied by Kudale 
Instruments Pvt. Ltd., Pune.  
SFTT specimen is fixed in specially made wing type fixture and is ensured that the fibre is not damaged in the 
gripping portion. The cross head speed employed during the test is 5 mm/min. Heavy duty quick grip chuck is 
usedto fix the tensile test specimen (plain and composites) and the test is conducted at a speed of 5 mm/min cross 
head speed. Variable bend test attachment is helped to do flexural test on plain and composite specimens at a cross 
head speed of 2 mm/min.       
3.2.3 Impact Test 
Initially, using the “motorized notch cutter” a notch is cut on the specimen to conduct Charpy impact test 
according to ASTM D 6110 – 08 using Izod/Charpy impact tester, supplied by International Equipments, Mumbai. 
The test is conducted at 23 0C.  
3.2.4 Dielectric test 
After ensuring the surface flatness, the dielectric test is conducted on plain, composite specimens using Dielectric 
Strength Tester, Supplied by Rectifiers & Electronics, New Delhi.  
3.2.5 Morphology study 
The untreated and chemically treated fibres are examined using JEOL JSM – 5350A scanning electron microscope, 
with the permission of Department of Physics, University of Pune. 
4. Results and Discussion  
The density of untreated, chemically treated fibres is determined and is tabulated in Table 2. In all the cases the 
average value of five specimens is condidered. 
Table 2. Fibre Density. 
Fibre  Density 
(kg/m3) 
BG  471 
BG CT – 1 541 
BG CT – 2 
BG CT – 3 
634 
634 
 
SEM image of BG, BG CT – 1, CT – 2, CT – 3 are represented in Fig. 3 respectively. Honey comb structure with 
waxy material and other constituents are observed in untreated fibre Fig. 3a, suppressed structure in Fig. 3b, 
constituents in honeycomb structure in Fig. 3c, and highly suppressed structure is visualized from Fig. 3d. 
At CT – 1, 2 of BG the fibres shown highest tensile strength (82.39 MPa), modulus (1.05 GPa) respectively than 
other untreated and treated fibres, Fig. 4, 5. The chemical treatment of the fibre resulted in increase in tensile 
strength of the fibre when compared with untreated fibre is observed, but there is a slight variation in strength of CT 
1011 Nadendla Srinivasababu et al. /  Procedia Materials Science  6 ( 2014 )  1006 – 1016 
fibre among CT – 1, 2 and 3 is also identified.  
The variation in elongation of the fibre during tensile test resulted in larger variation in the tensile modulus of 
chemically treated broom grass fibre among the specimens investigated in the present work, but the values are more 
than untreated fibre.  
 
Fig. 3. SEM image of BG, BG CT – 1, CT – 2, CT – 3. 
 
 
Fig. 4. Tensile strength of untreated and treated broom grassfibres. 
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Fig. 5. Tensile modulus of untreated and treated broom grass fibres. 
 
With increase in fibre volume fraction increase in tensile strength is observed in case of BG, BG CT – 1, 3, FRP 
composites, identified from Fig. 6 whereas increase in tensile modulus is observed in case of BG CT – 2, 3 FRP 
composites respectively. The decrease in tensile strength in case of BG CT – 2 FRP composites is due to the 
presence of fibres which have more exposure between outer surface and matrix and thereby weak bonding between 
the two. 
 
 
Fig. 6. Tensile strength of broom grass FRP composites against fibre volume fraction. 
 
The haphazard trend of tensile modulus is observed in case of BG FRP composites and is corrected by means of BG 
CT – 1 FRP composites with little fluctuation in modulus, visible from Fig. 7. The tensile modulus of BG CT – 1 
composite is 25.65 % higher than composites reinforced with untreated fibre. Out of all the composites studied in 
the present work BG CT – 2, 3 fibre reinforced composites exhibited highest tensile strength of 52.85 MPa, modulus 
of 1092.3 MPa respectively at maximum fibre volume fraction. The untreated broom grass fibres are pulled out of 
the matrix after tensile test whereas all the composites reinforced with chemicall treated broom grass are failed due 
to tension only.  
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Fig. 7. Tensile modulus of broom grass FRP composites against fibre volume fraction. 
 
All the BG composites have exhibited increasing trend of flexural strength (except BG CT – 3 FRP composites), 
modulus with increase in fibre content and is evidenced from Fig. 8, 9. All the composites reinforced with 
chemically treated fibres are failed only due to bending in the outer most layer, is visualized after conducting 
flexural test. This kind of positive trend in tensile, flexural test of composites is due to the presence of good interface 
between the chemically treated fibre and matrix. 
 
 
Fig. 8. Flexural strength of broom grass FRP composites against fibre volume fraction. 
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Fig. 9. Flexural modulus of broom grass FRP composites against fibre volume fraction. 
 
The impact strength of BG FRP composites is increased with increase in fibre content upto 39.35 % Vf and then 
it is decreased with increase in fibre content due to lack of matrix between the fibres, Fig. 10. The highest impact 
strength of the broom grass composites at 39.35 % fibre volume fraction is obtained and its value is 1017.66 
kJ/m2.But further increase in fibre content up to 52.75 % resulted in decrease in impact strength of the composites 
due to insufficient matrix present between the fibres. 
The longitudinal axis on the specimen is drawn on the impact test specimen. After the impact test is conducted, 
when the specimen is viewed from front right hand portion of the notch, which is failed along the longitudinal axis 
and is visible from Fig. 11. This kind of failure of the specimen can be designated as “NB – Non Break” as per 
ASTM D 6110 – 08.  
 
 
 
Fig. 10. Impact strength of broom grass FRP composites against fibre volume fraction. 
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Fig. 11. Impact tested BG FRP Composite specimen 
 
The dielectric strength of broom grass composites lies between 9.33 – 6.66 with increase in fibre volume fraction 
from 12.49 – 29.25 %. From Fig. 12, the dielectric strength is decreased with increase in fibre content. 
 
 
sFig. 12. Dielcctric strength of broom grass FRP composites against fibre volume fraction. 
5. Conclusions 
“Pure splitting method” is successfully employed to extract broom grass fibre. Hand lay – up technique adopted 
in the present work is fully supported to fabricate all the composites with relative ease, good finish and straight 
edges. The Chemical Treatment – 2 on broom grass fibre and the resulted composites stand first in achievement of 
tensile, flexural properties when compared with the composites studied in this work. The impact strength shown by 
BG FRP composites is reasonably very high than the composites reinforced with various natural fibres like okra, 
turmeric, PTSL, Palm Fruit EFB etc. The designer will get an opportunity to select light weight insulating material 
after observing the data pertaining to dielectric strength of the composites against fibre volume fraction. 
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